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© Process for the carbonylation of oleflnically unsaturated compounds with a palladium catalyst 

© Process for the carbonylation of olefins with CO 
in the presence of water, an alcohol and/or a carbox- 
ylic acid in the presence of a catalyst composition 
based on 

a) a Pd compound, 

b) a protonic acid, and 

c) a phosphine PR'RW in which R' is a 
heterocyclic ring having 5-8 atoms and containingl 

i»hetero N atom and R 2 and R 3 are R 1 or an aryl 
^ group. 
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PROCESS FOR THE CARBONYLATION OF OLEFINICALLY UNSATURATED COMPOUNDS WITH A PAL- 
LADIUM CATALYST 



The invention relates to a process for the car- 
bonylation of an olefinically unsaturated compound 
with carbon monoxide in the presence of water, an 
alcohol and/or a carboxylic acid. 

European patent specification No. 0 106 379 5 
discloses a process in which an olefinically unsatu- 
rated compound is carbonylated with carbon mon- 
oxide in the presence of water, an alcohol and/or a 
carboxylic acid, a palladium catalyst, at least 5 mol 
of a phosphine PR 1 R Z R 3 in which R 1 , R 2 and R 3 to 
each represent an optionally, substituted aryi 
group, per gram-atom of palladium, and, as pro- 
moter, an acid with a pKa < 2 (at 18 °C in aqueous 
solution), except hydrohalogenic and carboxylic ac- 
ids, is 

Research carried out by the Applicant into 
these processes surprisingly has shown that the 
activity of the cataiyst composition can be consid- 
erably enhanced whilst retaining a very high selec- 
tivity to carbonylated products, when an organic 20 
phosphine belonging to a special group is used. 
The selectivity to a certain compound, expressed 
in a percentage, is defined herein as100 x a:b in 
which "a" is the amount of starting olefinically 
unsaturated compound that has been converted zs 
into that certain compound and "b" is the total 
amount of starting olefinically unsaturated com- 
pound that has been converted. 

Accordingly, the present invention provides a 
process for the carbonylation of an olefinically un- 30 
saturated compound with carbon monoxide in the 
presence of water, an alcohol and/or a carboxylic 
acid, which process is carried out in the presence 
of a catalyst composition based upon 

a) a palladium compound, 35 

b) a protonic acid, and 

c) an organic phosphine of the general for- 
mula I 



1 1 3 

R -P-R (I) 

in which R 1 represents a heterocyclic ring having 5 
or 6 atoms in the ring which contains at least one 
hetero nitrogen atom in the ring and which may or 
may not be substituted and/or which may be part 
of a larger, condensed ring structure which may or 
may not be substituted and in which each of R 2 
and R 3 has the same meaning as R 1 or represents 
a substituted or unsubstituted aryl group. 

The special group of organic phosphines men- 
tioned hereinbefore is that of the general formula I. 



The heterocyclic rings mentioned hereinbefore are 
preferably pyridyl, pyrazinyl, quinolyl, isoquinolyi, 
pyrimidinyl, pyridazinyl, indolizinyl, cinnolinyl, ac- 
ridinyl, phenazinyl, phenanthridinyl, phenanthrolinyl, 
phthalazinyl, naphthyridinyi, quinoxalinyl or 
quinazolinyl groups. Among these groups pyridyl, 
pyrazinyl and pyridazinyl groups are preferred. 

The heterocyclic rings and aryl groups men- 
tioned hereinbefore may be substituted with one or 
more polar substituents or with one or more apolar 
substituents. 

Examples of polar substituents which may be 
present are alkoxy groups, in particular those hav- 
ing not more than five carbon atoms and preferably 
methoxy and ethoxy groups; dimethylamino and 
diethylamino groups, in particular dimethylamino 
groups; chloro and fluoro atoms and 
trifiuoromethyl, trichloromethyl and monoch- 
loromethyl groups. Examples of apolar substituents 
which may be present are alkyl groups having not 
more than five carbon atoms and preferably methyl 
and ethyl groups; other examples are n-propyl, 2- 
propyl and tert.-butyl groups. 

The substituted or unsubstituted aryl groups 
represented by R 2 and R 3 in the general formula I 
suitably contain not more than 18 carbon atoms in 
the ring system and are preferably phenyl groups, 
but may be anthryl or naphthyl groups. 

Phosphines of the general formula I in which 
R 1 represents a pyridyl group, R z a pyridyl or 
phenyl group and R 3 a phenyl group are preferred. 

According to a preferred embodiment of the 
present invention which not only allows very high 
selectivities to carbonylated products but also very 
high yields thereof, (2-pyridyl)diphenylphosphine is 
applied. 

Other examples of suitable phosphines are: 
di(p-methoxyphenyl)-2-pyridylphosphine 
di(p-tolyl)-2-pyridylphosphine 
di(o-methoxyphenyl)-2-pyridylphosphine 
di(c~chlorophenyl)-2-pyridylphosphine 
di(methoxyphenyl)-2-pyridylphosphine 
di(m-chlorophenyl)-2-pyridylphosphine 
di(p-methoxyphenyl)-3-pyridylphosphine 
di(p-tolyl)-3-pyridylphosphine 
di(o-methoxyphenyl)-3-pyridylphosphine 
di(o-chlorophenyi)-3-pyridyiphosphine 
di(m-methoxyphenyl)-3-pyridylphosphine 
di(m-chlorophenyl)-3-pyridylphosphine 
di(p-methoxyphenyl)-4-pyridylphosphine 
di(p-tolylH-pyridylphosphine 
di(o-methoxyphenyl)-4-pyridylphosphine 
di(o-chlorophenyl)-4-pyridylphosphine 
di(m-methoxyphenyl)-4-pyridylphosphine 
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di(m-chlorophenyl)-4-pyridylphosphine 

diphenyl(3-methoxy-2-pyridyl)phosphine 

diphenyl(4-methoxy-2-pyridyl)phosphine 

diphenyl(4-chloro-2-pyridyl)phosphine 

diphenyl(2-methoxy-3-pyridyl)phosphine 

diphenyl(4-methoxy-3-pyridyl)phosphine 

diphenyl(4-chloro-3-pyridyl)phosphine 

diphenyi{3-methoxy-4-pyridyl)phosphine 

diphenyl(3-chloro-4-pyridyl)phosphine 

diphenyl(5-chloro-4-pyridyi)phosphine 

diphenyl(5-methoxy-4-pyridyi)phosphine 

di(p-tolyl)(3-methoxy-4-pyridyl)phoaphine 

di(p-tolyl)(3-chloro-4-pyridyl)phosphine 

di(m-methoxyphenyl)(3-chloro-4-pyridyl)phosphine 

di(m-methoxyphenyl)(3-methoxy-4-pyridyl)- 

phosphine 

di(m-chlorophenyl)(3-methoxy-4>pyridyl)phosphine 

di(p-tolyl)(3-methoxy-2-pyridyl)phosphine 

di(p-tolyl)(3-chloro-2-pyridyl)phosphine 

di(m-methoxyphenyl)(3-chloro-2-pyridyl)phosphine 

di(m-methoxyphenyl)(3-methoxy-2-pyridyl)- 

phosphine 

di(m-tert.butoxyphenyi)(3-chloro-2-pyridyl)- 
phosphine 

di(m-tert.butoxyphenyl)(3-methoxy-2-pyridyl)- 
phosphine 

di(m-tertbutoxyphenyl)(3-chloro-4-pyridyl)- 
phosphine 

di(m-tert.butoxyphenyl)(3-methoxy-4-pyridyl)- 
phosphins 

di(m-teitbutoxyphenyl)(2-methoxy-3-pyridyl)- 
phosphine 

di(m-tert.butoxyphenyi)(2-chloro-3-pyridyl)- 
phosphine 

di(m-chlorophenyl)(2-methoxy-3-pyridyl)phosphine 

di(m-chlorophenyl)(2-chloro-3-pyridyl)phosphine 

di(o-chlorophenyl)(2-methoxy-3-pyridyl)phosphine 

di(p-methoxyphenyl)-2-pyrimidinylphosphine 

di(p-tolyl)-2-pyrimidinylphosphine 

di(o-methoxyphenyl)-2-pyrimidinylphosphine 

di(o-chlorophenyl)-2-pyrimidinylphosphin9 

di(m-methoxyphenyl)-2-pyrimidinylphosphine 

di(p-methoxyphenyl)-2-pyridazinylphosphine 

di(p-tolyl)-2-pyridazinylphosphine 

di(o-methoxyphenyl)-2-pyridazinylphosphine 

di(o-chlorophenyl)-2-pyridazinylphosphine 

di(m-methoxyphenyl)-2-pyridazinylphosphine 

di(p-methoxyphenyl)(3-methoxy-2-pyrimidinyl)- 

phosphine 

di(p-tolyl)(3-methoxy-2-pyridinyl)phosphine 
di(o-chlorophenyl)(3-chloro-2-pyrimidinyl)phosphine 
di(m-methoxyphenyl)(3-chloro-2-pyrimidinyl}- 
phosphine 

di(p-tolyl)(4-methoxy-3-pyridazinyl)phosphine 
di(p-methoxyphenyl)(4-methoxy-3-pyridazinyl)- 
phosphine 

di(o-chlorophenyl)(4-methoxy-3-pyridazinyi)- 
phosphine 



phenyl-dK3-methoxy-2-pyridyl)phosphine 
phenyl-di(4-methoxy-2-pyridyl)phosphine 
phenyl-di(4-chloro-2-pyridyl)phosphine 
phenyl-di{2-methoxy-3-pyridyl)phosphine 

s phenyl-di(4-methoxy-3-pyridyl)phosphine 
phenyl-di(4-chloro-3-pyridyl)phosphine 
phenyl-di(3"methoxy-4-pyridyl)phosphine 
phenyl-di(3-chloro-4-pyridyl)phosphine 
phenyl-di(5-chloro-4-pyridyl)phosphine 

10 phenyl-di(5-methoxy-4-pyridyl)phosphine 
phenyl-di(3-methoxy-2ijyrimidinyl)phosphine 
phenykli(3-chloro-2-pyrimidinyl)phosphin8 
phenyl-di(4"methoxy-2-pyiimidinyl)phosphine 
phenyl-di(4^ethoxy-3-pyridazinyl)phosphine and 

rs phenykli(4-chloro-3-pyridazinyl)phosphine. 

As protonic acids a large variety of acids or 
mixture of acids may be applied. Examples of such 
acids are orthophosphoric acid, pyrophosphoric 
acid, sulphuric acid, hydrohaiogertic acids, benzene 

20 phosphonic acid, henzenesulphonic acid, p- 
toluenesulphonic acid, naphthalenesulphonic acid, 
toluenephosphonic acid, chlorosulphonic acid, 
fluorosulphonic acid, monochloroacetic acid, dteh- 
loroacetJc acid, trichloroacetic acid, trifluoroacetJc 

25 acid, oxalic acid, terephthalic acid, perchloric acid, 
2-hydroxyproparte-2-sulphonic acid, 
trifluoromethanesulphonic acid and mixtures there- 
of. Among these acids p-toluenesulphonlc acid and 
benzenephosphonic acid are preferred. 

30 Where a non-carboxylic acid having a pKa 
greater than 2, measured at 18 °C in aqueous 
solution, and/or a sterically hindered carboxylic 
acid having a pKa below 4.5, also measured at 18 
°C in aqueous solution, is applied, preferably at 

35 least 1 mol of such acids is used per mol of 
organic phosphine of the general formula I. Exam- 
ples of preferred non-carboxylic acids having a pKa 
greater than 2 are benzenephosphonic acid and 
orthophosphoric acid. Arsenic acid is another ex- 

40 ample of such acids. The carboxylic acid being 
sterically hindered means that atoms or groups of 
atoms are present which interfere with one another, 
thus counteracting esterification of the add. Exam- 
ples of such acids are 2,6-dimethylbenzoic acid 

45 and 2,6-diethylbenzoic acid. It is preferred to apply 
sterically hindered carboxylic acids having a pKa 
below 2. Among the sterically hindered carboxylic 
acids preference is given to the sterically hindered 
benzoic acids, for example 2,6-dichlorobenzoic 

so acid, 2,6-difluorobenzoic acid, 2,4,6-trifluorobenzoic 
acid, 2,4,6-trichlorobenzoic acid, 2,6-dibromoben- 
zoic acid, 2,4,6-tribromobenzoic acid, 2,6- 
diiodobenzoic acid and 2,4,6-triiodobenzoic acid. 
Hydrohalogenic acid may in principle, be used 

56 but they have the known disadvantage that they 
may cause a corrosive effect. 

Both homogeneous and heterogeneous pal- 
ladium compounds may be used in the process 
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according to the present invention. Homogeneous 
compounds are preferred. Suitable homogeneous 
compounds are palladium salts of nitric acid, sul- 
phuric acid and alkanoic acids having not more 
than 12 carbon atoms per molecule. 

Salts of hydrohalogenic acids may, in principle, 
be used as well, but they have the drawback that 
the halogen ion may have a corrosive effect. 

A palladium compound used by preference is 
palladium acetate. Moreover, palladium complexes 
may be used, for instance palladium ac- 

bis(tri-o-toiylphosphine)palladium acetate, 
bis(friphenylphosphine)palladium sulphate, 
bis(diphenyl-2-pyridylphosphine)palladium acetate, 
tetrakisdiphenyl-2-pyridylphosphine palladium, 
bis(di-o-tolylpyridyl)phosphinepalladium acetate 
and bis(diphenyipyridyl)phosphine palladium sul- 
phate. Palladium on charcoal and palladium bon- 
ded to an ion exchanger - for instance an ion 
exchanger comprising sulphonic acid groups - are 
examples of suitable heterogeneous catalysts. 

The quantity of catalyst composition used in 
the present process may vary within wide ranges. 
Preferably, per mol of olefinically unsaturated com- 
pound to be carbonylafed, such a quantity of cata- 
lyst is_used as to contain in the range of from 10~' 
to 10" 1 and in particular from 10~ 8 to 10~ 3 gram- 
atom of palladium. 

The organic phosphine may be used in an 
amount per gram-atom palladium which is not criti- 
cal and may vary within wide ranges. Preferably, 
this amount is in the range of from 2 to 500 mol 
per gram-atom palladium. In general, amounts of 
more than 1000 mol organic phosphine per gram- 
atom of palladium are not necessary. 

The protonic acid may be used in an amount 
per equivalent of organic phosphine which is not 
critical and may vary within wide ranges. Prefer- 
ably, this amount is in the range of from 0.1 to 50 
equivalents per equivalent of organic phosphine. 

It has, furthermore, been found that the reac- 
tion rate in the process according to the present 
invention can be maintained very high by the ap- 
plication of a catalyst stabilizer in catalytic 
amounts. Examples of such stabilizers are men- 
tioned in Netherlands patent application No. 
8603302, filed 24th December, 1986, which ap- 
plication is incorporated herein by reference. N- 
methylpyrrolidone is an attractive example of such 
a catalyst stabilizer. 

It is not necessary to carry out the process 
according to the present invention in the presence 
of a separate solvent, a large excess of one of the 
reactants, usually the alcohol, often forming a suit- 
able liquid phase. If required, however, a separate 
solvent may be used. Any inert solvent may be 
used for this purpose. Examples of suitable sol- 



vents are dimethyl sulphoxide, diisopropyl sul- 
phone, tetrahydrothiophene 1,1-dioxide (also re- 
ferred to a "sulfolane"), 2-methylsulfolane, 3- 
methylsulfolane, 2-methyl-4-butylsulfolane; ar- 
5 omatic hydrocarbons such as benzene, toluene and 
the three xylenes; esters such as methyl acetate 
and gamma-butyrolactone; ketones such as ac- 
etone and methyl isobutyl ketone; ethers such as 
anisole, 2,5,8-trioxanonane (also referred to as 

10 "diglyme"), diphenyl ether and diisopropyl ether. 

The carbonylation according to the invention is 
preferably carried out at a temperature in the range 
of from 20 to 200 °C, in particular from 50 to 150 
°C. The overall pressure preferably lies between 1 

?5 and 100, in particular 5 and 75 bar. 

The molar ratio of the olefinically unsaturated 
compound to water, alcohol or carboxylic acid is 
not critical. The molar ratio between hydroxy 
groups and olefinic double bonds may lie for in- 

20 stance between 0.01:1 and 100:1, and will usually 
be between 0.1:1 and 10:1. When using a mono- 
olefin and either water, a monohydric alcohol or a 
monobasic acid, preference is usually given to the 
use of an excess of the hydroxy compound men- 

25 tioned. However, when using a polyhydric alcohol 
or a poiybasic acid to prepare a polyester or a 
polyanhydride, it will generally be necessary to use 
an excess of olefinic compound. 

The olefinically unsaturated compound may be 

30 an unsubstituted or a substituted alkene or cycloal- 
kene preferably having 2-30, and in particular 2-20, 
carbon atoms per molecule and preferably 1-3 
carbon-carbon double bonds per molecule. The 
alkene or cycloalkene may be substituted, for in- 

35 stance, with one or more halogen atoms or cyano, 
ester, alkoxy, hydroxy, carboxy or aryl groups. If 
the substituents are not inert under the reaction 
conditions, the carbonylation reaction may be ac- 
companied with other reactions. For instance, the 

40 carbonylation of allyl alcohol is accompanied with 
esterification of the hydroxy group. Examples of 
suitable olefinic compounds are ethene, propene, 
1-butene, 2-butene, isobutene, the isomeric pen- 
tenes, hexenes, octenes and dodecenes, 1,5- 

« cyclooctadiene, cyciododecene, 1,5,9- 
cyclododecatriene, allyl alcohol, methyl acrylate, 
ethyl acrylate, methyl methacrylate, acrylonitrile, 
acrylamide, N,N-dimethylacrylamide, vinyl chloride, 
allyl chloride, acrolein, oleic acid, methyl allyl ether 

so and styrene. Very good results have been obtained 
with ethylene. 

The alcohols or carboxylic acids used in the 
process according to the invention may be al- 
iphatic, cycloatiphatic or aromatic and may be sub- 

55 stituted with one or more substjtuents, such as 
mentioned hereinbefore in connection with the 
olefinically unsaturated compounds to be used as 
starting material. The alcohol may therefore also be 
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a phenol.- The alcohols or carboxylic acids prefer- 
ably contain not more than 20 carbon atoms per 
molecule. Examples of suitable alcohols are metha- 
nol, etiianol, propanol, isobutanol, tertbutanoi, 
stearyl alcohol, benzyl alcohol, cyclohexanol, attyi 
alcohol, a chlorocapryl alcohol, ethylene glycol, 
1,2-propanediol, 1,4-butanediol, glycerol, polyethyl- 
ene glycol, 1,6-hexanediol, phenol and cresol. Ex- 
amples of suitable carboxylic acids are formic acid, 
acetic acid, propionic acid, butyric acid, caproic 
acid, trimethylacetic acid, benzoic acid, capryiic 
acid, succinic acid, adipic acid and hydroxycaproic 
acid. Special preference is given to alkanols and 
carboxylic acids having 1-10 carbon atoms per 
molecule. If the alcohol or the carboxylic acid has 
more than one hydroxy group or carboxy group, 
different products may be formed, depending on 
the molar ratios existing between the reagents. For 
instance, depending on the quantity of olefinically 
unsaturated compound used, either a mono-ester 
or a diester may be produced from glycerol. An- 
other example of a polyvalent alcohol is a sugar. 

The products formed in the process according 
to the invention may be further reacted if desired. 
For instance, the carbonylation of an olefin, when 
conducted in the presence of water, yields a car- 
boxylic acid which, by reaction with a further quan- 
tity of olefin, may form a carboxylic anhydride. 
When the carbonylation is carried out in the pres- 
ence of an alcohol, it yields an ester which, when 
water is present as well, may hydrolyze to form an 
acid and an alcohol, each of which may again react 
with an olefin. When the carbonylation is carried 
out in the presence of a carboxylic acid, it yields a 
carboxylic anhydride which, when water is present 
as well, may hydrolyze to form one or more car- 
boxylic acids which in their turn may react with a 
further quantity of olefin. 

Reaction of an alkanecarboxylic acid having 
n + 1 carbon atoms with an olefin having n carbon 
atoms yields the symmetrical anhydride of the al- 
kanecarboxylic acid having n + 1 carbon atoms. 
This anhydride may optionally be hydrolyzed, half 
of the carboxylic acid formed may be collected as 
a product and the other half recycled to the car- 
bonylation reactor. The process thus leads to the 
conversion of an olefin having n carbon atoms into 
a carboxylic acid having n + 1 carbon atoms. 

In the process according to the invention the 
carbon monoxide may be used pure or diluted with 
an inert gas, such as nitrogen, noble gases or 
carbon dioxide. Generally the presence of more 
than 10 %v of hydrogen is undesirable, since un- 
der the reaction conditions it may cause hydroge- 
nation of the olefinic compound. Generally pref- 
erence is given to the use of carbon monoxide or a 
carbon monoxide-containing gas which contains 
less than 5 %v of hydrogen. Suitably, a molar ratio 



carbon monoxide to olefinically unsaturated com- 
pound in the range of from 0.1:1 to 10:1 is used. 

During the process according to the present 
invention one or more of the three components of 
5 the catalyst composition may be supplied, continu- 
ously or intermittently, to compensate for possible 
losses thereof, if any such losses might occur. 

The following Examples further illustrate the 
invention. 



Example 1 

Propionic anhydride was prepared as follows. A 

is magnetically stirred Hastelioy C autoclave 
("Hastelloy" is a trade mark) of 250 ml capacity 
was charged with a catalyst solution comprising 
50 ml of propionic anhydride, 
10 mi of propionic acid, 

20 0.1 mmol of palladium acetate, 

3 mmol of p-toluenesulphonic acid, and 
5 mmol of (2-pyridyl)diphenylphosphine. 

After any air present in the autoclave had been 
removed by evacuation, ethene was introduced 

25 with pressure until a pressure of 20 bar was 
reached, followed by carbon monoxide until a pres- 
sure of 50 bar was reached. Subsequently, the 
contents of the autoclave were heated to 105 "C. 
After 1 h the carbonylation was terminated by 

so cooling to room temperature and then releasing the 
pressure. Analysis of the contents of the autoclave 
by means of gas-liquid chromatography showed 
that propionic anhydride had been formed with a 
rate of 1340 mol per mol palladium per hour and 

35 that the conversion of propionic acid was 76%. 



Comparative Experiment A 

40 Example 1 was repeated with the differences 
that triphenylphosphine (5 mmol) instead of (2- 
pyridyl)diphenylphosphine (5 mmol) and a tem- 
perature of 130 °C instead of 105 °C were used. 
Propionic anhydride had been formed with a rate of 

45 380 mol per mol palladium per hour and the con- 
version of propionic acid was 24%. 

Comparison of Example 1 carried out at 105 
"C and using a catalyst composition which con- 
tained a phosphorus/nitrogen compound as the 

so component c) with Comparative Experiment A car- 
ried out at 130 °C and using a catalyst composition 
which contained a triarylphosphine as the compo- 
nent c) shows that when the process according to 
the present invention is carried out a higher reac- 

55 tion rate can be achieved at lower temperatures. 
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Example 2 

Example 1 was repeated with the difference 
that N-methylpyrrolidone (58 mmol) was also 
present Propionic anhydride has been formed with 
a rate of 1375 mol per mol palladium per hour and 
the conversion of propionic acid was 88%. 

Comparison of Example 1 carried out in the 
absence of a stabilizer with Example 2 carried out 
in the presence of N-methylpyrroiidone as a stabi- 
lizer shows that the presence of a stabilizer allows 
a higher reaction rate. 



Example 3 

Phenyl propionate was prepared in substan- 
tially the same way as propionic anhydride in Ex- 
ample 1, the differences being: 

a) the catalyst solution contained 
40 ml of dimethyl carbonate, 

10 g of phenol, 

0.1 mmol of palladium acetate, 

2 mmol of p-toluenesulphonic acid, 

3 mmol of (2 pyridyl)diphenylphosphine, and 

b) the reaction temperature was 120 °C. 
The reaction rate was 150 g phenyl propionate 

per g palladium per hour and the selectivity to 
phenyl propionate was 95%. 



0.1 mmol of palladium acetate, 

2 mmol of p-toluenesulphonic acid, and 

3 mmol of (2-pyridyl)diphenylphosphine, and 

b) the reaction temperature was 100 °C in- 
5 stead of 105 °C. 

Propionic acid had been formed with a rate of 
1400 g per g palladium per h and the selectivity to 
this acid was more than 95%. 



Example 5 

Propionic anhydride was prepared in substan- 
tially the same way as in Example 1, the differ- 
ences being: 

a) the catalyst solution contained 
50 ml of anisole, 

10 ml of propionic acid, 

0.1 mmol of palladium acetate, 

2 mmol of p-toluenesulphonic acid, and 

3 mmol of (2-pyridyl)diphenylphosphine, and 

b) the reaction temperature was 90 "C, the 
partial pressures of ethylene and carbon monoxide 
were 30 bar each and the reaction time was 3 
hours. 

Propionic anhydride had been formed with a 
rate of 1500 g per g palladium per hour and with a 
selectivity of more than 95%. 



75 
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Comparative Experiment B 

Example 3 was repeated with the difference 
that triphenylphosphine (3 mmol) instead of (2- 
pyridyl)diphenylphosphine (3 mmol) was used. The 
reaction rate was 75 g phenyl propionate per g 
palladium per hour. 

Comparison of Example 3 carried out using a 
catalyst composition which contained a 
phosphorus/nitrogen compound as the component 
c) with Comparative Experiment B using a catalyst 
composition which contained a triarylphosphine as 
the component c) shows that when the process 
according to the present invention is carried out a 
higher reaction rate can be achieved. 



Propionic anhydride was prepared in substan- 
tially the same way as in Example 1, the differ- 
ences being: 

a) the catalyst solution contained 
50 ml of propionic anhydride, 

10 ml of propionic acid, 

0.05 mmol of palladium acetate, 

1.5 mmol of p-toluenesulphonic acid, and 

2.5 mmol of di(2-pyridyl)phenylphosphine, and 

b) the reaction temperature was 120 °C in- 
stead of 105 °C. 

Propionic anhydride had been formed with a 
rate of 890 mol per gram-atom palladium per hour 
and the conversion of propionic acid was 37%. 



40 



Example 4 

Propionic acid was prepared in substantially 
the same way as propionic anhydride in Example 
1, tiie differences being: 

a) the catalyst solution contained 
40 ml of diglyme 
10 ml of water, 



Example 7 

50 

Ethylene was carbonylated in substantially the 
same way as in Example 1 , the differences being: 

a) the catalyst solution contained 
40 ml of anisole, 
55 20 ml of acetic acid, 

0.1 mmol of palladium acetate, 

2 mmoi of p-toluenesulphonic acid, and 

3 mmol of (2-pyridyl)diphenylphosphine, and 
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b) the reaction temperature was 90 °C in- 
stead of 105 °C and the reaction time was 5 hours 
instead of 1 hour. 

Carbonylation products had been formed with a 
rate of 500 mol per gram-atom palladium per hour 
and these products consisted of 80 mmol of acetic 
propionic anhydride, 120 mmol of acetic anhydride, 
110 mmol of propionic acid and about 10 mmol of 
propionic anhydride. 



Example 8 

Ethylene was carbonylated in substantially the 
same way as in Example 7, the differences being 
that 30 ml of methanol and 10 ml of propionic acid 
were present instead of 20 ml of acetic acid and 
that the reaction temperature was 95 °C instead of 
90 «C. 

Methyl propionate had been formed with a rate 
of 1000 mol per gram-atom palladium per hour. 



Claims 

1. A process for the carbonylation of an 
olefinically unsaturated compound with carbon 
monoxide in the presence of water, an alcohol 
and/or a carboxylic acid, which process is carried 
out in the presence of a catalyst composition 
based upon 

a) a palladium compound, 

b) a protonic acid, and 

c) an organic phosphine of the general for- 
mula I 



R L -P-R 3 (I) 

in which R 1 represents a heterocyclic ring having 5 
or 6 atoms in the ring which contains at least one 
hetero nitrogen atom in the ring and which may or 
may not be substituted and/or which may be part 
of a larger, condensed ring structure which may or 
may not be substituted and in which each of R z 
and R 3 has the same meaning as R 1 or represents 
a substituted or unsubstituted aryl group. 

2. A process as claimed In claim 1 in which 
said heterocyclic rings are pyridyl, pyrazinyl, 
quinolyl, isoquinolyl, pyrimidinyl, pyridazinyl, in- 
dolizinyi, cinnolinyl, acridinyl, phenazinyi, phenan- 
thridinyl, phenanthrolinyl, phthafazinyl, naph- 
thyridinyl, quinoxalinyl or quinazolinyl groups. 

3. A process as claimed in claim 1 in which 
said heterocyclic rings are pyridyl, pyrazinyl or 
pyridazinyl groups. 



4. A process as claimed in any one of the 
preceding claims in which R 2 and R 3 each repre- 
sent a phenyl group. 

5. A process as claimed in any one of the 
s preceding claims in which the heterocyclic tings 

and aryl groups are substituted with one or more 
polar substftuents. 

6. A process as claimed in claim 5 in which the 
polar substftuents are alkoxy groups having not 

w more than five carbon atoms, chloro or fluoro 
atoms, trifluoromethyl, trichloromethyl, monoch- 
loromethyl and/or diethylamino groups. 

7. A process as claimed in claim 5 in which the 
substftuents are methoxy, ethoxy, methyl, ethyl or 

is dimethylamino groups. 

8. A process as claimed in any one of claims 1 
to 4 in which the heterocyclic rings and aryl groups 
are substituted with one or more apolar groups. 

9. A process as claimed in claim 8 in which the 
20 substftuents are alkyl groups having not more than 

five carbon atoms. 

10. A process as claimed in claim 1 in which a 
phosphine of the general formula I is applied in 
which R 1 represents pyridyl, R 2 pyridyl or phenyl 

25 and R 3 phenyl. 

11. A process as claimed in any one of the 
preceding claims in which as protonic acid p- 
toluenesulphonic add or benzenephosphonic acid 
is used. 

30 12. A process as claimed in any one of the 
preceding claims in which as palladium compound 
palladium acetate is applied. 

13. A process as claimed in any one of the 
preceding claims in which the palladium compound 

35 is used in an amount in the range of from 10~ 7 to 
10~ gram-atom palladium per mol olefinically un- 
saturated compound. 

14. A process as claimed in any one of the 
preceding claims in which the organic phosphine is 

40 used in an amount in the range of from 2 to 500 
mol per gram-atom palladium. 

15. A process as claimed in any one of the 
preceding claims in which the protonic acid is used 
in an amount in the range of from 0.1 to 50 

45 equivalents per equivalent of organic phosphine. 

16. A process as claimed in any one of the 
preceding claims which is carried out in the pres- 
ence of a catalyst stabilizer. 

17. A process as claimed in any one of the 
so preceding claims in which an amount of water, 

alcohol and/or carboxylic acid in the range of from 
0.01 to 100 mol per mol of olefinically unsaturated 
compound is used. 

18. A process as claimed in any one of the 
55 preceding claims which Is carried out at a pressure 

in the range of from 1 to 100 bar and a tempera- 
ture in the range of from 20 "C to 200 °C. 
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19. A process as claimed in any one of the 
preceding claims in which an unsubstjtuted or a 
substituted alkerie or cycloalkene having in the 
range of from 2 to 30 carbon atoms per molecule 
is carbonylated. 
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